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Theoretical studies of the deuteron beam transmission through the unpolarized target predict the
appearance of tensor polarization in transmitted beam due to deuteron spin dichroism. If only nuclear
interaction is taken into account when considering this phenomenon, the tensor polarization (spin
dichroism) of transmitted beam has a positive sign which agree with conception of different “transverse
dimensions” of deuteron in different spin state. However, the ﬁrst experiments with deuteron with the
energy of 5–20 MeV transmitting through unpolarized carbon target show that accumulated polarization
in a deuteron beam ﬁrstly, has a negative sign and secondly, the increase in the target thickness (and
primary deuteron energy) does not bring about the increase in the value of polarization. This can
be explained by changing the sign of deuteron spin dichroism in the considered energy interval. In
this Letter is shown that the account of the Coulomb interaction by means of the Coulomb-nuclear
interference, can qualitatively explain behavior of deuteron spin dichroism in a carbon target in the
energy interval from 5 to 20 MeV.
© 2009 Elsevier B.V. Open access under CC BY license. 1. Introduction
Spin rotation and spin dichroism (birefringence effect) phenom-
ena arise for deuterons (in general for all particles with spin S  1)
passing through unpolarized matter [1,2]. The above phenomena
are caused by the difference of the spin-dependent coherent for-
ward scattering amplitude for deuterons with the spin projections
m = 0 and m = ±1 (m is a magnetic quantum number).
As a result, the refraction index and the absorbtion coeﬃ-
cient for a deuteron transmitting through matter depend on the
deuteron spin state. So, an unpolarized deuteron beam transmit-
ting through an unpolarized target acquires tensor polarization due
to the deuteron spin dichroism (dependence of the absorbtion co-
eﬃcient on deuteron spin).
The ﬁrst experimental study of the deuteron spin dichroism in
carbon targets was carried out at the electrostatic HVEC tandem
Van de Graaff accelerator with deuteron energy up to 20 MeV
(Institut für Kernphysik of Universität zu Köln) [3,4]. In the experi-
ments [3,4] it was found out that in the energy interval 5–20 MeV
both the value and the sign of the deuteron spin dichroism in a
carbon target changes with the energy change. In 2007 another ex-
* Corresponding author. Tel.: +375 17 3286238; fax: +375 17 2265124.
E-mail address: rouba@inp.minsk.by (A. Rouba).0370-2693© 2009 Elsevier B.V.
doi:10.1016/j.physletb.2009.12.003
Open access under CC BY license. periment at the Nuclotron in JINR [5] provided the measurement
of spin dichroism for 5.5 GeV/c deuterons transmitted through car-
bon targets.
According to [1,2] to describe the effect, it is necessary to take
into account both nuclear and Coulomb interaction of the deuteron
with the nucleus. For high energy deuterons the nuclear interac-
tion of a deuteron with a light nucleus gives the main contribution
to the birefringence effect. Comparison of the theoretical estima-
tion [1,2], which includes consideration of nuclear interaction with
the experimental results [5] demonstrates their qualitative agree-
ment. Moreover the sign of the effect obtained in theoretical cal-
culations coincides with that measured in the experiment.
The role of the Coulomb interaction (Coulomb-nuclear interfer-
ence) increases with decreasing deuteron energy even for interac-
tion of deuterons with light nuclei.
In the present Letter is shown that the consideration of the
Coulomb interaction in analysis makes it possible to explain exper-
imentally observed of sign change of the deuteron spin dichroism
with the change in the deuteron energy [3,4].
2. Birefringence of deuteron in unpolarized matter
According to [1,2], the index of refraction for a deuteron (spin
S = 1) can be written as follows:
230 V. Baryshevsky, A. Rouba / Physics Letters B 683 (2010) 229–234Fig. 1. Squared module for deuteron ground state wave functions for the distance of 1.8 fm between its nucleons in the states (a) m = ±1 (S‖k); (b) m = 0 (S⊥k).Nˆ = 1+ 2πρ
k2
fˆ (0), (1)
where ρ is the density of matter (the number of scatterers in
1 cm3), k is the deuteron wave number, fˆ (0) = Tr ρˆ J Fˆ (0), ρˆ J is the
spin density matrix of the scatterers, Fˆ (0) is the operator of the
forward scattering amplitude acting in the combined spin space of
the deuteron and scatterer spin J .
Let us choose the direction of the particle wave vector k as the
quantization axis z. Then, for an unpolarized target the forward
scattering amplitude fˆ (0) can be presented [1,2] as
fˆ (0) = d + d1 Sˆ2z , (2)
where Sˆ z is the operator of spin projection on the z axis, d and d1
are the spin-independent and spin-dependent parts of the forward
scattering amplitude, respectively.
The refractive index for deuterons in unpolarized matter can be
written as
Nˆ = 1+ 2πρ
k2
(
d + d1 Sˆ2z
)
. (3)
According to Eq. (3), the index of refraction Nˆ depends on deuteron
spin orientation with respect to the deuteron momentum.
The refractive index Nm for a deuteron in the eigenstate of op-
erator Sˆ z is
Nm = 1+ 2πρ
k2
fm(0), fm(0) = d + d1m2, (4)
where m is the magnetic quantum number of the deuteron.
According to Eq. (4), the refractive indices for the deuteron in
the spin states with m = +1 and m = −1 are the very same, while
those for m = ±1 and m = 0 are different (Re N(±1) = Re N(0) and
Im N(±1) = Im N(0)).
This can be explained by the non-sphericity of wave functions
of deuteron ground state (see Fig. 1). Therefore, the scattering
cross-section σ±1 for a deuteron with m = ±1 (deuteron spin is
parallel and antiparallel to its momentum k) differs from the scat-
tering cross-section σ0 for a deuteron with m = 0: σ±1 = σ0. As a
result, according to the optical theorem
Im f±1(0) = k
4π
σ±1 = Im f0(0) = k
4π
σ0. (5)
From Eq. (5) it follows that the deuteron spin dichroism ap-
pears even when a deuteron passes through an unpolarized target:
due to different absorption the initially unpolarized beam acquires
polarization or, yet more precisely, alignment.3. Deuteron spin dichroism in a carbon target
Let a deuteron beam in state m = 1 pass through a target.
The beam intensity changes as I1(z) = I01e−σ1ρz , where I01 is the
beam intensity before entering the target. Similarly for states
m = −1 and m = 0 the intensity changes as I−1(z) = I0−1e−σ−1ρz
and I0(z) = I00e−σ0ρz , where I0−1 and I00 are the beam intensities
before entering the target, respectively.
Let us consider transmission of an unpolarized deuteron beam
through an unpolarized target. The unpolarized deuteron beam can
be described as a composition of three polarized beams with equal
intensities I = I01+ I0−1+ I00, I0±1 = I00 = I/3. In reality in experiment
σ±1,0ρz  1 and the change of intensity for each beam can be
expressed as I±1(z) = I0±1(1 − σ±1ρz) and I0(z) = I00(1 − σ0ρz).
Since σ−1 = σ1, the deuteron spin dichroism can be characterized
by the ratio D as follows:
D(z) = I±1(z) − I0(z)
I±1(z) + I0(z) ≈
1
2
(σ0 − σ±1)ρz = −2πρzIm (d1)
k
, (6)
where Eqs. (4) and (5) are used.
Then Eq. (6) can be rewritten as
D(L) = −2πNaLIm (d1)
kMr
= NaL(σ0 − σ±1)
2Mr
, (7)
where Na is the Avogadro number, L is the target thickness in
g/cm2, Mr is the molar mass of the target matter.
According to [6] the tensor polarization of the beam can be ex-
pressed as pzz = I−1+I1−2I0I−1+I1+I0 .
The tensor polarization of the initially unpolarized deuteron
beam transmitting through the target of the thickness L arising
from deuteron spin dichroism reads as follows:
pzz(L) = I−1(L) + I1(L) − 2I0(L)
I−1(L) + I1(L) + I0(L)
≈ 2NaL(σ0 − σ±1)
3Mr
= 8πNaL Im(d1)
3kMr
. (8)
The relation between D and Pzz follows from Eqs. (7) and (8):
pzz ≈ 4/3D. (9)
Note that a deuteron transmitting through a target loses energy
for the ionization of matter, then, taking into account the energy
change, we can write the tensor polarization as
pzz(L) = 2Na
3Mr
L∫ (
σ0
(
E
(
L′
))− σ±1(E(L′)))dL′0
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3Mr
L∫
0
Im (d1(E(L′)))
k(L′)
dL′. (10)
According to Eq. (10) the imaginary part of the spin-dependent for-
ward scattering amplitude can be measured directly in transmis-
sion experiment by means of deuteron beam tensor polarization,
which arises due to deuteron spin dichroism.
4. The amplitude of deuteron forward scattering
Let us estimate the value of deuteron spin dichroism. In view
of the aforesaid it is necessary to ﬁnd amplitudes of coherent elas-
tic zero-angle scattering of a deuteron with a nucleus f±1(0) and
f0(0).
The Hamiltonian H describing interaction of a deuteron by a
nucleus can be written as
H = HD(rp,rn) + HN
({ξi})+ V (rp,rn, {ζi}), (11)
where HD is the deuteron Hamiltonian; HN is the nucleus Hamil-
tonian; V = VDN + VDC is the potential of deuteron–nucleus in-
teraction, VDN is the nuclear potential of the deuteron–nucleus
interaction, VDC is the Coulomb potential of the deuteron–nucleus
interaction, rp(rn) is the coordinate of the proton (neutron) com-
posing the deuteron, {ζi} is the set of coordinates of nucleons in
the target nucleus.
In terms of coordinate of deuteron center-of-mass R and the
relative distance between the proton and the neutron in the
deuteron r =rp −rn we can rewrite Eq. (11) as
H = − h¯
2
2mD
Δ(R) + HD(r) + HN
({ζi})+ VDN(R,r, {ζi})
+ VDN
(R,r, {ζi}). (12)
Let us consider scattering of deuterons with energy E exceeding
deuterons binding energy εd . Suppose that εd/E  1. Therefore,
we can neglect HD(r) in Eq. (12) (i.e., we can apply the impulse
approximation [7]). Note that for deuterons with energy of 10 MeV
the characteristic time of the Coulomb deuteron–nucleus interac-
tion τC ∼ Rscrυ is much longer then the characteristic period of
nucleon oscillations in deuteron τD ∼ 2πεd (here Rscr is the radius
of the Coulomb screening, υ is the deuteron speed). Therefore, the
Coulomb interaction in Eq. (12) can be averaged over wave func-
tions of deuteron ground state [8,9]. As a result, Eq. (12) can be
written as
H = − h¯
2
2mD
Δ(R) + V p
(
R + r
2
)
+ Vn
(
R − r
2
)
+ VC (R), (13)
where V p and Vn are the nuclear potentials of proton–nucleus
and neutron–nucleus interactions, respectively, VC is the Coulomb
deuteron–nucleus potential averaged over the wave functions of
deuteron ground state.
To ﬁnd the amplitude of coherent elastic zero-angle scattering
of a deuteron by a nucleus, it suﬃces to consider scattering of a
structureless particle by a nucleus. In this case the coordinate r is
a parameter. Therefore, the expressions obtained for the forward
scattering amplitude should be averaged over the parameter r.
The amplitude of coherent zero-angle scattering [7,10], aver-
aged over the deuteron wave functions of the ground state can
be written as follows
fm(0) = − mD
2π h¯2
×
∫
VD(b, z,r)ψ(b, z,r)e−ikz d2bdz
∣∣ϕm(r)∣∣2 d3r, (14)where VD(b, z,r) = Vn(b, z,r)+ V p(b, z,r)+ VC (b, z) is the poten-
tial of deuteron–nucleus interaction, b = R⊥ is the deuteron impact
parameter, ψ is the wave function satisfying the Schrödinger equa-
tion Hψ = Eψ , where H is determined by Eq. (13), ϕm(r) is the
wave function of the deuteron ground state with the magnetic
quantum number m.
For the deuteron with energy 5–20 MeV the product krnuc ∼ 3,
where rnuc is the radius of nuclear interaction of a deuteron
with a target nucleus. Then, to estimate fm(0), we can use WKB
(Wentzel–Kramers–Brillouin) approximation for the deuteron wave
function ψ [7,10,11]: ψ(b, z,r) = eikz√
n(b,z,r) e
∫ z
−∞(n(b,z′,r)−1)dz′ , where
n(b, z,r) =
√
1− VD (b,z,r)E is the refractive index for the deuteron.
As a result, the amplitude of deuteron forward scattering by a nu-
cleus can be written as
fm(0) = − mD
2π h¯2
∫
VD(b, z,r)√
n(b, z,r)
× eik
∫ z
−∞ (n(b,z′,r)−1)dz′ d2bdz
∣∣ϕm(r)∣∣2 d3r. (15)
In the considered model the deuteron energy E is higher than the
energy of Coulomb deuteron–nucleus interaction, i.e. E  VC , then
n
(
b, z′,r)− 1= −Vn(b, z,r)
E(1+ nnuc(b, z,r)) +
−V p(b, z,r)
E(1+ nnuc(b, z,r))
+ −VC (b, z)
2Ennuc(b, z,r) , (16)
where nnuc(b, z,r) =
√
1− Vn(b,z,r)+V p(b,z,r)E .
The forward scattering amplitude fm(0) can be rewritten as fol-
lows:
fm(0) = f em(0) + f corm (0),
where
f em(0) =
k
2iπ
∫ (
eχD (b,r) − 1)d2b ∣∣ϕm(r)∣∣2 d3r,
f corm (0) =
m
π h¯2
∫ (
E
(
n(b, z,r) − 1)− VD(b, z,r)
2
√
n(b, z,r)
)
× eχ ′D (b,z,r) d2bdz ∣∣ϕm(r)∣∣2 d3r. (17)
Phases χD and χ ′D are determined as
χD(b,r) = χn(b,r) +χp(b,r) +χC (b,r), (18)
where
χn = −ik
E
∞∫
−∞
Vn(b, z,r)
1+ nnuc(b, z,r) dz,
χp = −ik
E
∞∫
−∞
V p(b, z,r)
1+ nnuc(b, z,r) dz,
χC = −ik
E
∞∫
−∞
VC (b, z)
2nnuc(b, z,r) dz, (19)
and
χ ′D(b, z,r) = χ ′n(b, z,r) + χ ′p(b, z,r) + χ ′C (b, z,r), (20)
where
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−ik
E
z∫
−∞
Vn(b, z′,r)
1+ nnuc(b, z′,r) dz
′,
χ ′p =
−ik
E
z∫
−∞
V p(b, z′,r)
1+ nnuc(b, z′,r) dz
′,
χ ′C =
−ik
E
z∫
−∞
VC (b, z′)
2nnuc(b, z′,r) dz
′. (21)
For high energy E  VD(b, z,r) the amplitude f em(0) in Eq. (17)
converts into the amplitude in eikonal approximation [7,10]
f em(0) 
k
2iπ
∫ (
e
−ik
2E
∫∞
−∞ Vn(b,z,r)+V p(b,z,r)+VC (b,z)dz − 1)d2b
× ∣∣ϕm(r)∣∣2 d3r.
The amplitude f corm (0) describes the correction to fm(0) in the
range, where E  VD(b, z,r).
At high energy f corm (0) → 0 and fm(0) → f em(0), but at low en-
ergy f corm (0) cannot be neglected. The term f
e
m(0) in Eq. (17) can
be rewritten as
f em(0) =
k
π
∫ (
tn(b,r) + tp(b,r) + tC (b,r)
)
d2b
∣∣ϕm(r)∣∣2d
+ 2ik
π
∫ (
tn(b,r)tC (b,r) + tp(b,r)tC (b,r)
+ tn(b,r)tp(b,r)
)
d2b
∣∣ϕm(r)∣∣2d
− 4k
π
∫
tn(b,r)tp(b,r)tC (b,r)d2b
∣∣ϕm(r)∣∣2 d3r, (22)
where tn(b,r) = (eχn(b,r) − 1)/2i, tp(b,r) = (eχp(b,r) − 1)/2i,
tC (b,r) = (eχC (b,r) − 1)/2i.
The deuteron spin dichroism is caused by the spin-dependent
part of the forward scattering amplitude d1 (see Eqs. (7), (10)):
d1 = f±1(0) − f0(0).
Let us change the variables: ξ = R⊥ + r⊥/2, η = R⊥ − r⊥/2, ξ ,
η are the impact parameters of the proton and the neutron com-
posing the deuteron, respectively.
The deuteron is a weakly bound particle with larger dimensions
than a light nuclei. Hence, to estimate the amplitude of deuteron
forward scattering by a light nucleus in integral (22), we can ne-
glect the change in the deuteron wave functions. As a result we
obtain:
de1 ≈
2ik
π
∫
tn(ξ, η, zd)tp(ξ, η, zd)Δ(0, zd)d2ξ d2ηdzd
− 4k
π
∫
tn(ξ, η, zd)tp(ξ, η, zd)tC (ξ, η, zd)
× Δ(0, zd)d2ξ d2ηdzd, (23)
where Δ(0, zd) = |ϕ±1(0, zd)|2 − |ϕ0(0, zd)|2.
According to Eq. (23) the main contributions to amplitude
de1 are given by the nuclear interaction and interference of the
Coulomb-nuclear interactions of deuteron nucleons with the tar-
get nuclei.
According to Eq. (23) the value of de1 is determined by the dif-
ference |ϕ±1(r)|2−|ϕ0(r)|2 = Δ(r) i.e., by difference of the nucleon
distribution in deuterons in different spin states. It is known that
the deuteron wave function ϕm can be written as [12]
ϕm(r) = 1√
(
u(r) + 1√ w(r) Sˆ12
)
χm, (24)4π r 8 rwhere u(r) is the radial wave function of a deuteron in the S-
state; w(r) is the radial wave function of a deuteron in the D-state;
Sˆ12 = 6(ˆSnr)2 − 2ˆS2, nr = rr , ˆS = 12 (σp + σn), σp(n) are the spin
matrices of the proton (neutron), respectively. Applying Eq. (24),
we obtain:
Δ(r) = − 3
4π
(
1√
2
u(r)w(r)
r2
− 1
4
w(r)2
r2
)(
n2rx + n2ry − 2n2rz
)
. (25)
That allows us to write Δ(0, zd) as
Δ(0, zd) = 32π
(
1√
2
u(zd)w(zd)
z2d
− 1
4
w(zd)
2
z2d
)
. (26)
Let us consider the correction f corm (0) (Eq. (17)). Repeating the
derivation of Eq. (23) using the above assumptions, we can ob-
tain the expression describing the correction into d1 within the
considered model:
dcor1 ≈ −
8im
π h¯2
∫ (
E
(
n(ξ, η, z, zd) − 1
)
− VD(ξ, η, z, zd)
2
√
n(ξ, η, z, zd)
)
t′p(ξ, η, z, zd)
× t′n(ξ, η, z, zd)
(
t′C (ξ, η, z, zd) −
i
2
)
Δ(0, zd)dξ dηdzdzd
− 8m
π h¯2
∫ (
Vn(η, z, zd)
1+ nnuc(ξ, η, z, zd)
− Vn(η, z, zd)
2
√
n(ξ, η, z, zd)
)
t′p(ξ, η, z, zd)
×
(
t′C (ξ, η, z, zd) −
i
2
)
Δ(0, zd)dξ dηdzdzd, (27)
where t′n(ξ, η, z, zd) = (eχ ′n(ξ,η,z,zd) − 1)/2i, t′p(ξ, η, z, zd) =
(eχ
′
p(
ξ,η,z,zd) − 1)/2i, t′C (ξ, η, z, zd) = (eχ
′
C (
ξ,η,z,zd) − 1)/2i. Remind
that phases χ ′n , χ ′p and χ ′C are determined by Eq. (21). According
to Eq. (26) the value of Δ(0, zd) and amplitudes de1, d
cor
1 are sensi-
tive to the wave function of the deuteron ground state at a small
distance.
5. The inﬂuence of the Coulomb-nuclear interference on
deuteron spin dichroism in a carbon target
Now we can evaluate the amplitude d1 = de1 + dcor1 and the dif-
ference in total cross-sections for deuterons in different spin state.
Let us consider scattering of a deuteron by a carbon nucleus.
The potential of nuclear interaction of the deuteron nucleons
with the target nucleus can be expressed by means of optical
Woods–Saxon potential, which for 5.25 MeV nucleons [14] reads as
VnN (r) = V pN(r) = −52.5−0.9i1+exp(2(r−1.33A1/3)) , where A is the atomic num-
ber of the target nuclei. The energy chosen for optical potential
corresponds to the deuteron energy 10.5 MeV which is approx-
imately equal to the deuteron average energy in the considered
range. Moreover, according to [14] in the considered deuteron en-
ergy range the coeﬃcients in this potential do not signiﬁcantly
change. To verify the optical potential and WKB approximation
the total cross-section for n − 12C scattering at 5.25 MeV is cal-
culated and comes to about 1 barn, which agrees with the ex-
perimental data. For calculation of the Coulomb deuteron–nucleus
interaction the charge distribution Z(r) in a nucleus is taken as
Z(r) ∼ 1 1/3 . The radial deuteron wave functions u(r)1+exp(2(r−1.33A ))
V. Baryshevsky, A. Rouba / Physics Letters B 683 (2010) 229–234 233Fig. 2. Value of σ0 − σ±1 for carbon target 12C in the considered energy range:
line - - - shows the contribution of nuclear interference to σ0 − σ±1; line • • shows
the contribution of the Coulomb-nuclear interference to σ0 − σ±1; line • • • shows
correction into σ0 − σ±1 obtained from Eq. (27); ﬁrm line — shows total value of
σ0 − σ±1).
and w(r) are expressed as parameterized deuteron wave functions
from [13].
According to Eq. (7) the spin dichroism arises for a deuteron
beam transmitting through a target because σ0 − σ±1 = 0.
The results of σ0 − σ±1 calculations for carbon 12C target in
the investigated energy range are shown in Fig. 2. We can see
from Fig. 2 that the difference σ0 − σ±1 caused by nuclear inter-
ference has the sign “+” for the considered target. It agrees with
the presentation of deuteron in Fig. 1, where transversal deuteron
dimension in the state with m = 0 is larger then that for the state
with m = ±1.
Another situation arises for the difference σ0 − σ±1 caused
by the Coulomb-nuclear interference. We can see that Coulomb-
nuclear part oscillates with the energy change. As a result, for the
carbon target the difference σ0 − σ±1 changes its sign at energy
5.5 MeV and 11 MeV.
It is necessary to note that according to Fig. 2 the correction
(27) signiﬁcantly contributes to the effect value in the energy
range 5–10 MeV. So, for example, in the energy range 5–7 MeV
the value of the correction is ∼30% of the contribution of nuclear
interference. But with the energy increase the contribution of this
correction decreases and becomes negligible at energy 15–20 MeV.
The tensor polarizations measured in the experiments [3,4] for
three targets are shown in Fig. 3. From Fig. 3 we can see that
the tensor polarization for the thickest target of 188 mg/cm2
is less than that for the target with the medium thickness of
129 mg/cm2. Such a behavior of polarization and the sign of ten-
sor polarization can be explained in view of Fig. 2.
Let us consider the measurement of tensor polarization (spin
dichroism) for a deuteron beam with the energy 5.5 MeV. In view
of energy losses inside the target by the ionization, the energy
of the beam before entering the target should exceed 5.5 MeV.
The thicker the carbon target is the higher the initial deuteron
beam energy should be. In the energy range of 5.5–11 MeV
the difference σ0 − σ±1 < 0, but this inequality changes its sign
(σ0 − σ±1 > 0) when the deuteron energy exceeds 11 MeV. There-
fore, according to Eq. (10) for this energy range the absolute value
of tensor polarization increases with the growth of the target thick-
ness and reaches its maximal value for the target thickness L∗ ,
corresponding to the initial deuteron beam energy 11 MeV. Further
increase in the target thickness requires the energy of deuteron
beam higher than 11 MeV and positive polarization is accumulatedFig. 3. Dependence of tensor polarization pzz (with statistical deviations) on the
energy of deuteron beam after the carbon targets of thicknesses L = 58 mg/cm2
(energy before the target E0 = 10.8–11.6 MeV), L = 129 mg/cm2 (energy before the
target E0 = 14.8–15.9 MeV) and L = 188 mg/cm2 (energy before the target E0 =
17.6–18.6 MeV) obtained in the experiments [3,4].
Table 1
Estimations for obtained tensor polarization of deuterons in carbon target 12C.
Thickness (mg/cm2) Energy changing in the target (MeV) pzz
180 20–11 0.014
70 11–5.5 −0.0035
in the beam in the part of the target, where the beam energy de-
creases from the initial value to 11 MeV.
In the rest of the target where the beam energy is within the
range of 11–5.5 MeV, the negative tensor polarization is accumu-
lated.
Thus, total polarization of the beam is the sum of positive po-
larization acquired from the part of the target where the beam has
energy >11 MeV and negative polarization from the rest of the
target of the thickness L∗ .
Therefore, the resulting absolute value of polarization for such
a target appears to be smaller than that for the target of thick-
ness L∗ . Hence, non-monotonic dependence of the spin dichroism
on the target thickness in the deuteron energy range 5–20 MeV
can be explained by the change of sign for σ0 −σ±1 caused by the
Coulomb-nuclear interference.
According to the above analysis the Coulomb-nuclear interfer-
ence must be taken into account in experiments for spin dichroism
study at low energies. To obtain the maximum absolute value of
deuteron spin dichroism (tensor polarization), it is necessary to se-
lect the initial deuteron energy and target thickness carefully. The
maximum absolute values of the tensor polarization for the pre-
sented model are presented in Table 1. There are some factors that
can essentially affect the estimation of the value of deuteron spin
dichroism. First of all, it is nucleon–nucleus interaction. We use
simple Woods–Saxon potential for our model, but actual poten-
tial is more complicated, ﬁrst of all, due to numerous resonances,
which exist, particularly, for carbon [15]. In addition, the parameter
Δ is sensitive to the deuteron wave functions at small distances.
But wave functions at small distances have discrepancies in differ-
ent theoretical models [13].
It is necessary to add that it is obvious from experiment the
phenomenon of deuteron spin dichroism can be used for obtaining
inexpensive source of tensor-polarized deuterons [16].
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The results obtained for spin dichroism in the carbon target
qualitatively explain the results of experiments [3,4] (the sign and
non-monotonic dependence of dichroism on target thickness).
In compliance with the above analysis, the change of sign of
deuteron spin dichroism with change in the deuteron beam energy
observed in the experiments [3,4] as well as the non-monotonic
dependence of dichroism on target thickness can be explained by
the inﬂuence of the Coulomb-nuclear interference on interaction of
deuteron with nucleus.
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